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The neutron total cross section of natural Ag and Sm has been measured in tbe energy region合om0.1 eV to 100 eV 
by the neu甘ontime同of-flightmethod at Pohang Neutron Facility， which consists of an elec位onlinear accelerator， a 
water-cooled Ta target with a water moderator， and an 11 m long time-oιf1ight path. A 6Li-ZnS(Ag) scintillator with a 
diameter of 12.5 cm and a thiclmess of 1.6 cm has been used as a neutron detector and metallic plates of Ag and Sm 
samples have been used for the neutron仕組smissionmeasurement.百lebackground level has been determined by 
using notch-filters of Co， In， and Cd sheets. In order to reduce the ganlffia rays企omBremsstrahlung and that ftom 
neutron capt田 e，we have employed a neu仕on-ganlffiaseparation system based on tbeir diffi巴:rentpulse shapes.百le
present measurements are in general agreement with tbe previous ones and the evaluated data in ENDF/B-VI. The 
resonance parameters of Ag isotopes (107 Ag and 109 Ag) have been extracted企omtbe transmission data by using tbe 
SAMMYcode. 
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1. Introduction 

The measurement of neutron cross sections gives basic 
information for the study ofneutron inieractions with nuclei. 

Precise measurements ofneu仕oncross sections are of great 
importance for the safety design of nuclear reactors and for 
the evaluation of the neutron flux density and the energy 

spectrum around a reactor. 
Pulsed neutrons based on阻 electronlinear accelerator 

(1inac) is a powerful to01 to measure the energy-dependent 
cross sections with high resolution by using the time-of-
flightσOF) method covering the energy range企om
thermal neutrons to a few tens of Me V. The Pohang 

Neutron Facility (PNF) based on a 100-MeV e1ectron linac 
was proposed in 1997 and constructed at the Pohang 
Accelerator Laboratory on December 19991). The PNF 

consists of an elec仕onlinac， a water-cooled Ta target， and 
an 11 m long TOF path. The characteristics of PNF are 
described elsewhere 2). 

In the present work， the total cross section of natural Ag 
and Sm has been measured in the neutron energy rang巴

between 0.1 e V and 100 e V by the neutron TOF method at 

the PNF. The measured result has b巴encompared with 
other measurements3，4) and the evaluated data in ENDF!B-

vr5). The resonance parameters for Ag isotopes C07 Ag and 
09 Ag) were determined企omthe fitting of仕ansmission
data by using the Multilevel R四Matrixcode SAMMy6). 

*Corresponding author， Tel. +82-53・圃950・・6328，Fax. +82-955-53 酬

5356， E-mail:伊水im@lmu.ac.kr

n. Experimental Procedure 

The experimental arrangement for the transmission 

measurements Is described e1sewhere). Th巴targetis located 
in the position where the electron beam hits its center. To 
reduce the gamma輔 flashgenerated by the electron burst in 
the target， the target is placed in 55 mm away企omthe 
center ofn巴utronguide. The target was composed of ten Ta 
plates with a diameter of 4.9 cm and an effective thickness 
of7.4 cm. There was a 0.15 cm water gap between Ta plat巴S
in order to cool the target effectively. The housing of the 
target was made of titaniUUl. This target was set at the center 

of a cylindrical water moderator contained in an aluminUUl 
cylinder with a thickness of 0.5 cm， a diameter of 30 cm and 
a height of 30 cm. The water leve1 in the moderator was 3 
cm above the target surface. 
The neutron guide tubes were constructed by stainless 

steel with two different diameters of 15 cm and 20 cm and 
disposed vertical1y to the electron beam. The neutron 

collimation system was mainly composed of H3B03， Pb and 
Fe collimators， which were symmetrically taper巴dfrom 10 
cm diameter at the beginning， 5 cm in the middle position 
where the transmission sample was located， and 8 cm 
diamet巴rat the end of guide tube where the neutron detector 
was placed. There is 1.8 m thick concrete between the target 
and the det巴ctorroom. 

The transmission samples were plac巴dat the midpoint of 
the flight path. Metallic plates of natural Ag (1 OX 1 0 cm2 in 
area by 0.5 mm thickness) and Sm (5X5 cm2 in area by 1.0 
mm thickness) samples have been used for the neutron 
仕組smissionmeasurement. A s巴tof notch filters of Co， In， 
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sent to 16 K capacity memory module (MEM 16K)， which 
collects the TOF spec仕aduring the measurement 

BC702 
AMP 

and Cd plates with 0.5 mm， 0.2 mm， and 0.5 mm in 
thickness resp巴ctively，was also田 edfor the background 
measurement and the energy calibration. 

The sample changer consists of a disc accompanied with 4 
holes; each hole is of 8 cm in diameter， which matches the 
hole of col1imator in the neutron beam line. The sample 
changer controlled remotely by CAMAC module. The 
diameter betw巴encenters oftwo opposite holes is 31 cm. 
The neutron detector was located at a distance of 10.81 m 

from the photo凶neutrontarget. A 6Li-ZnS(Ag) scintillator 
BC702 from Bicron (Newbury， Ohio) with a diameterof 
12.5 cm and a thickness of 1.6 cm mounted on an EMI-
93090 photomultiplier was us巴das a detector for the neu仕on
TOF spectrum measurement. 
During the experiment， the electron linac was operated 

with a repetition rate of 10Hz， a pulse width of 1.0 !ls and 
the electron energy of 60 Me V The peak current in the beam 
current monitor located at the end of the second accelerator 
section is above 50 mA， which almost is the same as that in 
the target. 

NIMlTTL 

Fig. 1. Block diagram of data acquisition system 

We could estimate the background level by using 
resonanc巴 energiesof th巴 neutronTOF spectra of notch-
filters of Co， In， and Cd as shown in Fig. 2. The magnitude 
of the background level has been interpolated between the 
black resonances by using the fitting function 
F(1) =α+b・e-11 C ， where a， b， and c are constants and 1 

is the channel number of the time digitizer. The background 
fitting function was also shown in Fig. 2. 

一一-Notch Filter 
--Open Beam 
一一--Background Fitting Function 
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Fig. 2. Background measurements with the notch filters. 

The measurements were performed with Ag and Sm 
samples simultaneously. Two other仕切 positionsof th巴
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Figure 1 shows the configuration of the data acquisition 
system 田 edin our measurem巴nt. Two different data 
acquisition systems were used for neutron TOF sp巴ctra
measurements: one for NIM based system and the other for 
CAMAC based system. The main purpose ofthe NIM based 
system is n巴utron-gammaseparation and the parallel 
accumulation of the neu仕onTOF spectra if necessary. The 
dynode signal from a BC702 scintillator was connected 
through an ORTEC圃 571amp1ifier (AMP) to an ORTEC・552
pulse-shape analyzer (PSA) in order to use a neutron-gamma 
separation. A fast NIM signal企om“A"output of the PSA 
was delayed by 60 ns and used as a start signal of an 
ORTEC四 567time-to-amplitude converter σ'AC). The“B円

output signal企omthe PSA was used as a stop signal of the 
TAC. TAC output was connected to an ORTEC-550A single 
channel analyzer (SCA). One of SCA output signals was 
used as a stop signal of a 150 MHz Tu:τbo MCSσime 
Digitizer)， the other was sent to a CAMAC based system. 
The start signal of Time Digitizer signal came from the RF 
trigger. The Time Digitizer was operated by a 16384-channel 
mode with a 0.5μs width per channel. 

The CAMAC based system consists of a data acquisition 
part and a control part of the sample changer. The SCA 
output signal of the NIM based system was connected to the 
detector number encoder (DNE) through the NIM!TTL 
converter. The DNE allows the data taking up to four 
detectors simultaneously. The output of the DNE gives a 
stop signal for th巴time巴ncoderwhich operates with 4096 
channels and a minimal dwell time of 0.5μs width per 
channel. 
The lO-Hz RF仕iggersignal for the modulator of the 

electron linac was connected to a gate and delay g巴nerator
(G&D Genよtheoutput signal was used拙 astart signal of 
th巴timeencoder. One of signals from the time encoder was 
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Thβtotal cross sections of natural Ag and Sm were 

o btained in the energy range企om0.1 e V to 100 e V by using 

the neutron TOF method. The present measurements for the 

neutron total cross sections of Ag and Sm are compared wi出
other data measured by other groUpS3，4) 阻 d白巴 eval田 ted

data in ENDFIB同 VI5).The present measurements without 

any corrections are generally in good agreement with other 

data and the evaluated one as shown in Fig. 3. However，仕le

present me乱surementof Sm is rather higher than the 

evaluated one due to the thick sample. 
There are many resonance peaks in the neutron total cross 

sections for Ag and Sm. In order to get the resonance 

par羽netersof each resonance peak， we fit the transmIssion 
data for Ag with the SAMMY code6). 

Resolution function RGE(E，E') 田 ed in this 

calculation is the convolution of Gaussian and exponential 
白nctionand iぉmathematicalexpression is as follows: 

(EO-(B-AEsl1 -(B'-Boi 

R(E，ET)=i 「仁ciEoe sE e 必
凶 AEAGJzE-AEs 。)

where the width of Gaussian resolution function ~G is 
given by 

(4) 

and th巴 widthof exponential resolution function A E is 

given by 

A G = E[ aE + b ]2， 

sample changer were empty to collect the neu佐onTOF 

spectra without sampl巴 (openbeam). The positions of 

samples were chosen in the following sequence: Ag -emp勿

-Sm -emp句r.The exposition times for both Ag and Sm 
were 15 minutes (9000 pulses of PNF linac)， for each free 
position it was 7.5 minutes. Thus， the durations of each 
sample and total open beam measurements were equal. The 
mおr1eavingsequence of free posi討onof sample changer was 

chosen ωminimize influence of slow or/and small variation 
of the neutron beam intensity. If the beam intensity 

variations or its drift was fast or/and big， then these partial 
measurements were excluded from the total statistics. Total 

data taking times for Ag and Sm are 65 hours respectively 
and wi仕1the same times for open beams. 

The neutron total cross section is det怠rmined by 

measuring the仕ansmissionof neutrons through the sample. 
The佐ansmissionrate of neutrons at i-th group en巴宅yE; is 
defined as a fraction of incident neutrons passing through the 

sample compared to that one in the op叩 beam.Thus， the 
neutron total cross section is relat巴d to the neutron 

仕組smissionrate T(E;) as follows: 

σ(Ei)=-J7lnT(EJ， 
k...I" j 
j 

[[I(但Ei)ト一IB(E，具'i)町]ν1MiM ダ
T(Ei) = 

[O(EJ-OB(E;)JI MB 
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The energy shift AE s ， which is automatically determined in 
the SAMMY， is introduced in order to locate the m且ximum

of the broadening function at E' = E . The constant values of 

a， b， and c ar巴l.3645x1 0-6 eV-t， 9.1281xlOてand
6.3969xl0-4 eyl!2， respectively. 
The resonance parameters for 107 Ag and 109 Ag isotopes have 

been obtained企omthe SAMMY fitting and listed in Tab.ie 
1 and Table 2. Quantity J/ 1 is the spin of a particular 

resonance. 

AE = cE3/2. 

where Nj is the atomic density per cm2 of j-th isotope in也E

sample. I(EJ and O(EJ are the foreground counts for sample 
in and out， IB(EJ and OB(EJ are the background co田 tsfor 
sample in and out， and M and MB are their monitor counts， 
respectively. The monitor counts are obtained by integrating 

the TOF counts corresponding to the r巴levantenergy region. 

In this analysis， we assumed each monitor counts w巴reequal 

during the data taking period. 

(b) 
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IV. Results and Discussion 
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Figふ Comparisonofthe experimental total cross sections of (a) Ag and (b) Sm with the evaluated data in the 

neutron energy region between 0.01 and 100 eV. 
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agreement with the evaluated data in ENDF/B-VI and the 

previous measurements. However， th巴 resultfor natural 

Sm is higher than the evaluated data due to the thick 

sample used in this measurement. 

The r巴sonanceparameters of Ag isotopes have been 

determined by the fitting the transmission data. 
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Table. 1. Resonance parameters for 107 Ag 
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ofnatural Ag with th巴predictedones企omthe SAMMY 
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The neutron total cross sections of natural Ag and Sm 

have been measured in the neutron energy region from 0.1 

巴Vto 100 eV by using a 6Li-ZnS(Ag) scintil1ator and the 
neutron TOF technique at the Pohang Neu甘onFacility. 

The present measurement for natural Ag is in good 
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